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Introduction {#sec005}
============

Early diagnosis is considered a key factor in improving the outcomes of cancer therapy, and long diagnostic intervals have been associated with affected Health-Related Quality of Life (HRQoL) and increased mortality \[[@pone.0148463.ref001]--[@pone.0148463.ref003]\]. Several countries, including Denmark, have implemented urgent referral Cancer Patient Pathways (CPPs) for patients with a clinical suspicion of cancer \[[@pone.0148463.ref004],[@pone.0148463.ref005]\]. The aim is to reduce the length of the diagnostic interval by offering patients optimal diagnosis and treatment opportunities. However, only approximately 40% of all cancer patients seem to have benefited from the implementation of the CPPs \[[@pone.0148463.ref006],[@pone.0148463.ref007]\]. This may be because approximately 50% of all cancer patients initially present with vague or non-specific symptoms that may not raise a clinical suspicion of cancer \[[@pone.0148463.ref006],[@pone.0148463.ref008],[@pone.0148463.ref009]\].

A CPP for patients with serious non-specific symptoms and signs of cancer (NSSC-CPP) was therefore introduced in 2012 in Denmark. The objectives are to optimize evaluation and diagnosis, to minimize waiting time and to improve quality of life during the diagnostic work-up phase \[[@pone.0148463.ref005],[@pone.0148463.ref010]\]. A clinical coordinator works to optimize logistics, and the aim is to diagnose or refute cancer or any serious illness within 22 days. Patients are, at the time of referral, to be informed about the suspicion of cancer \[[@pone.0148463.ref011]\].

The diagnostic phase of cancer is differentiated from other cancer stages in that it forms an interface between the suspicion of cancer and the medical confirmations of health/illness status \[[@pone.0148463.ref012]\]. Although mostly limited to suspicions of a specific cancer illness, previous research suggests that undergoing diagnostic evaluation for possible cancer can affect the HRQoL \[[@pone.0148463.ref013]\]. In a prospective study, Montezari et al. \[[@pone.0148463.ref014]\] found a decrease in function and global quality of life during the time of diagnosis in patients with suspected lung cancer. These results were supported by Lheureux et al. \[[@pone.0148463.ref015]\] and by studies investigating the diagnostic work-up phase of breast cancer \[[@pone.0148463.ref003],[@pone.0148463.ref016],[@pone.0148463.ref017]\] and malignant melanoma \[[@pone.0148463.ref018]\].

Knowledge about HRQoL in patients undergoing diagnostic evaluation through the urgent referral CPPs implemented in Denmark is limited, specifically in patients suspected of having cancer due to non-specific symptoms not associated with a specific cancer illness. As patients are channeled into the NSSC--CPP program, it provided a unique opportunity to recruit a large population for research about the experience during the diagnostic work-up phase of suspected cancer.

The aims of this study were to examine HRQoL in patients undergoing diagnostic evaluation for possible cancer due to non-specific symptoms and to investigate the impact of socio-demographic and medical factors associated with HRQoL during the diagnostic phase.

Materials and Methods {#sec006}
=====================

Study population {#sec007}
----------------

A prospective, multicenter survey study was conducted between October 1, 2013 and September 30, 2014 at four hospitals in the Capital Region of Denmark. All patients referred to the NSSC-CPP during the study period were eligible to participate in this study. The exclusion criteria were patients younger than 18 years of age, patients with cognitive disorders and patients with language barriers or a referral due to metastasis of an unknown primary tumor.

Measurements and variables {#sec008}
--------------------------

All participating patients were asked to complete a set of questionnaires prior to diagnosis and again 30 days after referral when the diagnostic evaluation should have been completed. The follow-up questionnaire was sent together with a response envelope via post. Patients not returning the questionnaire received a reminder after two weeks.

The demographic variables were self-reported and included age, gender, marital status, education and employment status. Information on clinical variables (symptoms at referral, duration of symptoms, exposures and smoking) was obtained from the medical records. Information on the diagnoses and co-morbidities, including previous cancer, was collected from the national registries of Statistics Denmark \[[@pone.0148463.ref019]\]. Co-morbidities were scored according to the Charlson Comorbidity Index \[[@pone.0148463.ref020]\].

Health-Related Quality of Life {#sec009}
------------------------------

HRQoL was assessed using the Danish version of the EORTC-QLQ-C30 (version 3.0) quality of life instrument \[[@pone.0148463.ref021]\]. The EORTC QLQ-C30 is a self-administered questionnaire developed to cover the multi-dimensional concept of HRQoL in cancer patients. The questionnaire consisted of 30 items that aggregated into one global health/QoL scale, five functional scales (physical, emotional, role, cognitive and social functioning), three symptom scales (fatigue, pain and nausea/vomiting) and six single items assessing financial impact and various symptoms. Each item was answered with a four-point scale, from 1 (not at all) to 4 (very much), except for the global health/QoL items, which had seven response options ranging from 1 (very poor) to 7 (excellent) \[[@pone.0148463.ref021],[@pone.0148463.ref022]\]. The raw score of each scale/single item was linearly transformed according to the manual to a 0--100 scale \[[@pone.0148463.ref022]\]. A high score for the global health/QoL scale and functioning scales represented a high/healthy level of QoL and functioning. Conversely, a high score for a symptom scale represented a high level of symptomatology/problems. Missing items were imputed by the methods advocated by the EORTC QLQ research group \[[@pone.0148463.ref022]\]. Differences in mean scores of 10 or more were regarded as clinically significant \[[@pone.0148463.ref023]\]. At both baseline and follow-up, participants were asked whether they completed the questionnaire before or after knowledge of their diagnosis.

Reference sample {#sec010}
----------------

Danish population-based reference data were used to compare the EORTC-QLQ-C30 scores with normative scores from the general population \[[@pone.0148463.ref024]\]. Direct comparisons can be misleading unless age and gender are considered \[[@pone.0148463.ref025]\]. The reference sample included 1,832 individuals, 47.7% males, with a mean age of 58.3 years (SD 18.7), and thus represented a nearly equal age and gender distribution ([Table 1](#pone.0148463.t001){ref-type="table"}). The EORTC-QLQ-C30 scores were also compared with the EORCT reference cancer population, which consisted of 23,553 international patients with different cancer diagnoses at different stages \[[@pone.0148463.ref026]\]. The age and gender distributions in this reference sample were likewise similar to the distribution in the study population \[[@pone.0148463.ref026]\].

10.1371/journal.pone.0148463.t001

###### Baseline characteristics.

![](pone.0148463.t001){#pone.0148463.t001g}

                                                  Enrolled      Consent only   Not Enrolled   *p-value*
  ----------------------------------------------- ------------- -------------- -------------- ----------------------------------------------------
  **Age, mean (SD), years**                       63.6 (13.5)   60.5 (17.1)    64.7 (16.4)    **\<0.001**[\*](#t001fn001){ref-type="table-fn"}
  **Gender, n (%), women**                        443 (53)      162 (56)       591 (57)       0.25
  **Symptoms at referral, n (%)**                                                             
      Weight loss                                 294 (35)      111 (38)       346 (33)       0.23
      Pain                                        122 (15)      57 (20)        161 (15)       0.11
      Suspicion of major illness/cancer           127 (15)      5 (2)          30 (3)         **\<0.001**
      Abnormal blood tests                        106 (13)      36 (12)        118 (11)       0.63
      Fatigue                                     105 (13)      40 (14)        151 (14)       0.48
      Pathological lymph node                     72 (9)        24 (8)         71 (7)         0.31
      Anemia                                      71 (8)        28 (10)        74 (7)         0.28
      Feeling ill                                 41 (5)        16 (6)         34 (3)         0.09
      Night sweats                                46 (5)        20 (7)         43 (4)         0.12
      Loss of appetite/nausea                     35 (4)        25 (9)         45 (4)         **0.01\***
      Fever                                       34 (4)        10 (3)         34 (3)         0.65
      Abdominal disorder                          31 (4)        18 (6)         43 (4)         0.18
      Increased contact to health system          2 (0.2)       1 (0.3)        0              0.48
      Recurrent deep venous thrombosis            1 (0.1)       1 (0.3)        0              0.62
      Increased use of medication                 0             0              0              
      Other                                       177 (21)      72 (25)        90 (9)         **\<0.001**[\*\*](#t001fn002){ref-type="table-fn"}
  **Cancer diagnosis, n (%)**                     188 (22)      35 (12)                       **\<0.001**
  **Co-morbidity**                                                                            
      0                                           393 (47)                                    
      1                                           258 (31)                                    
      ≥2                                          187 (22)                                    
  **Duration of symptoms, weeks, median (IQR)**   12 (6--26)                                  
      Missing, n,%                                168 (20)                                    
  **Exposures, n (%)**                            158 (19)                                    
      Missing, n,%                                5 (0.6)                                     
  **Smoking, n (%)**                                                                          
      Never smoked                                368 (44)                                    
      Former smoker                               221 (26)                                    
      Smoker                                      208 (25)                                    
      Missing, n,%                                41 (5)                                      
  **Marital status, n (%)**                                                                   
      Married/co-inhabitant                       565 (67)                                    
      Separated/divorced                          97 (12)                                     
      Widow/widower                               92 (11)                                     
      Unmarried/single                            80 (9)                                      
      Missing, n,%                                9 (0.5)                                     
  **Education, n (%)**                                                                        
      Compulsory \<12 years                       178 (21)                                    
      Short \<15 years/skilled worker             285 (34)                                    
      Medium academic/trade                       234 (28)                                    
      Long academic/university level              131 (16)                                    
      Missing, n,%                                10 (1)                                      
  **Occupation, n (%)**                                                                       
      Employed                                    311 (37)                                    
      Retired/Disability pay                      491 (59)                                    
      Unemployed                                  31 (7)                                      
      Missing, n,%                                5 (0.6)                                     
  **Cancer in family, n (%)**                     162 (19)                                    
      Missing, n,%                                20 (2)                                      
  **Previous cancer in patient**                  72 (9)                                      
      Missing, n,%                                7 (1)                                       

\*Significant difference between enrolled and consent only

\*\*Significant difference between enrolled and not enrolled

Ethics {#sec011}
------

All participants signed an informed consent form before data collection commenced. Approval from the National Committee on Health Research Ethics was not required (H-3-2013-061). The study was approved by The Danish Data Protection Agency (HIH-2013-034). The baseline characteristics for non-participants were obtained anonymously for dropout analyses.

Statistical Analysis {#sec012}
--------------------

Categorical variables are described as counts (%), and continuous variables are described as the mean (SD) or medians with the 25^th^ to 75^th^ interquartile range (IRQ), as appropriate. Comparisons between baseline and follow-up EORTC-QLQ-C30 scores and the study population and reference population scores are presented with the difference and the 95% confidence interval of the difference. The impact of socio-demographic and medical factors on role functioning, emotional functioning, fatigue, nausea and vomiting, appetite loss, pain and global QoL scores at follow-up was explored by bootstrapped multivariate linear regression with 2,000 repetitions. Clinically relevant variables associated with HRQoL were included in the model: baseline score, age, gender, cancer diagnosis (yes/no), duration of symptoms (weeks), previous cancer in the patient, co-morbidities (0, 1 or ≥2), marital status, education, occupation and time when the questionnaire was completed at follow-up (before or after diagnosis). As this was a multicenter study, the hospital site was also included as an independent variable in the multivariate analysis. All tests were two-sided, with the significance level set at p\<0.05. Analyses were performed using STATA 13.

Results {#sec013}
=======

Patient characteristics {#sec014}
-----------------------

In total, 2,574 patients were referred to the NSSC-CPP during the study period; 403 patients were initially excluded and 1,044 (48%) patients did not want to participate ('Not enrolled'). Of the 1,127 patients who signed an informed consent form, 289 (13%) never completed the questionnaire ('Consent only'), while 838 (39%) returned a completed questionnaire and were thus enrolled in the study ('Enrolled'). A total of 679 (81%) participating patients completed follow-up ([Fig 1](#pone.0148463.g001){ref-type="fig"}). There was no difference in the presence of a cancer diagnosis between the patients who did complete and those who did not complete follow-up. Patients enrolled in the study were significantly older than the 'consent only' patients. There was no difference in age between the 'enrolled' and 'not enrolled' patients. Enrolled patients were less likely to report symptoms of nausea and vomiting at referral than 'consent only' patients and were more likely to report other vague symptoms or being referred with "suspicion of cancer" than 'not enrolled' patients. There was no difference in gender or symptoms at referral across the groups. Enrolled patients were more likely to be diagnosed with cancer than 'consent only' patients. Diagnosis was not available for the 'not enrolled' patients ([Table 1](#pone.0148463.t001){ref-type="table"}).

![Flowchart.](pone.0148463.g001){#pone.0148463.g001}

The baseline characteristics of enrolled patients are also presented in [Table 1](#pone.0148463.t001){ref-type="table"}. The mean age was 63.6 years, and 53% of the enrolled patients were women. The most common symptoms at referral were weight loss, pain, abnormal blood work, suspicion of cancer and other non-specific symptoms and fatigue. Twenty-two percent of the enrolled patients received a cancer diagnosis. The most common cancer diagnoses were lymphoma (26, 14%), pulmonary cancer (24, 13%), colorectal cancer (19, 10%) and prostate cancer (16, 9%). More than half of the participants had one or more co-morbidities.

HRQoL compared with the reference groups {#sec015}
----------------------------------------

The differences in the EORTC-QLQ-C30 scores at baseline and follow-up and between the study population and reference groups are presented in [Fig 2](#pone.0148463.g002){ref-type="fig"}. Participating patients improved in their role and emotional functioning and global QoL scores at follow-up compared with baseline, while there was a slight non-significant deterioration in cognitive functioning. There was no difference in physical functioning and social functioning between baseline and follow-up. Overall, participating patients experienced fewer symptoms at follow-up compared with baseline. On all scales, the difference was less than 10 points.

![Difference in EORTC-QLQ C30 scores at baseline and follow-up and compared with a Danish reference group and a cancer reference group.](pone.0148463.g002){#pone.0148463.g002}

Compared with a Danish reference group, the participating patients experienced significantly less functioning and global QoL and a higher burden of symptoms at baseline. The difference in scores was less after completing diagnostic evaluations (follow-up). Participating patients scored less on the functional scales and the global QoL scale and higher on the symptoms scales at baseline, compared with the EORTC cancer reference population. At follow-up, this difference was unchanged or less between the groups across the different domains.

Factors associated with HRQoL during diagnostic evaluation {#sec016}
----------------------------------------------------------

The results of the multivariate analysis are presented in Tables [2](#pone.0148463.t002){ref-type="table"} and [3](#pone.0148463.t003){ref-type="table"}. Receiving a cancer diagnosis was significantly associated with less role functioning and more fatigue and appetite loss. A longer duration of symptoms was marginally associated with lower emotional functioning. A co-morbidity score of one was significantly associated with increased nausea and vomiting and pain and less global QoL, while a co-morbidity score of ≥2 was associated with less role functioning and global QoL and increased fatigue, pain and nausea and vomiting. Being unmarried was associated with more role functioning and less fatigue, while being retired was associated with more nausea and vomiting. Being unemployed had a negative impact on role functioning, fatigue and global QoL scores. Patients who had completed the follow-up questionnaire after knowledge of diagnosis scored significantly higher on the emotional functioning scale. Overall, the impact of the different variables was small and being unemployed, having a co-morbidity score of ≥2 and receiving a cancer diagnosis had the greatest effect across the different domains. Gender, education and previous cancer did not have an impact on HRQoL in the multivariate analysis. Including the hospital site and time of completion at baseline did not significantly change the estimates in the analysis. The R-square for the different models varied between 0.33 (nausea and vomiting) and 0.52 (fatigue).

10.1371/journal.pone.0148463.t002

###### Bootstrapped multivariate regression analysis for role functioning (RF), emotional functioning (EF) and global quality of life (QoL).

![](pone.0148463.t002){#pone.0148463.t002g}

                                               RF       EF                QoL                                                                              
  -------------------------------------------- -------- ----------------- ------------- ------- ----------------- ------------- -------- ----------------- -------------
  Intercept                                    27.97    (9.09; 46.85)     0.004         16.06   (2.19; 29.94)     0.02          16.71    (3.39; 30.03)     0.01
  **Baseline**                                 0.58     (0.51; 0.65)      **\<0.001**   0.67    (0.59; 0.75)      **\<0.001**   0.61     (0.54; 0.68)      **\<0.001**
  **Age**                                      -0.01    (-0.26; 0.25)     0.96          0.10    (-0.09; 0.29)     0.31          0.22     (0.03; 0.40)      **0.02**
  **Women**                                    1.10     (-3.47; 5.67)     0.64          0.71    (-2.57; 3.98)     0.67          0.66     (-2.63; 3.97)     0.39
  **Cancer**                                   -8.50    (-16.10; -0.90)   **0.02**      -2.71   (-7.22; 1.78)     0.24          -2.55    (-8.08; 2.97)     0.37
  **Duration of symptom (weeks)**              -0.06    (-0.19; 0.08)     0.42          -0.10   (-0.19; -0.01)    **0.03**      -0.09    (-0.19; 0.12)     0.08
  **Previous cancer in patient**               2.96     (-6.73; 12.64)    0.55          -0.75   (-7.21; 5.71)     0.82          0.77     (-5.70; 7.24)     0.82
  **Co-morbidity**                                                                                                                                         
      0                                                 1                                       1                                        1                 
      1                                        -5.84    (11.81; 0.13)     0.06          -3.04   (-6.88; 0.81)     0.44          -5.83    (-10.01; -1.65)   **0.006**
      ≥2                                       -10.07   (-16.98; -3.17)   **0.004**     1.56    (-8.31; 0.76)     0.48          -6.93    (-11.67; -2.19)   **0.004**
  **Marital status**                                                                                                                                       
      Married/Co-inhabitant                             1                                       1                                        1                 
      Separated/divorced                       4.02     (-3.82; 11.86)    0.32          -2.34   (-8.58; 3.90)     0.46          -1.70    (-7.68; 4.29)     0.58
      Widow/widower                            3.05     (-6.26; 12.36)    0.52          -0.61   (-6.04; 4.82)     0.83          -1.44    (-8.09; 5.21)     0.67
      Unmarried/single                         8.50     (0.56; 16.44)     **0.04**      1.48    (-4.31; 7.27)     0.62          1.46     (-4.88; 7.80)     0.65
  **Education**                                                                                                                                            
      Basic school/high school                          1                                       1                                        1                 
      Vocational training (10--12 years)       2.56     (-3.98; 9.09)     0.44          1.55    (-2.76; 5.86)     0.48          4.43     (-0.61; 9.47)     0.09
      Medium academic/trade (\<15 years)       1.73     (-4.84; 8.31)     0.61          2.10    (-2.40; 6.61)     0.36          4.30     (-0.69; 9.29)     0.09
      Academic/university level (\>15 years)   1.28     (-6.71; 9.25)     0.75          4.83    (-0.72; 10.38)    0.08          1.11     (-4.98; 7.21)     0.72
  **Occupation**                                                                                                                                           
      Employed                                          1                                       1                                        1                 
      Unemployed                               -14.47   (-27.41; -1.54)   **0.03**      -1.25   (-12.68; 10.10)   0.83          -12.43   (-19.87; -5.01)   **0.001**
      Retired/disability/early retirement      2.34     (-4.44; 9.12)     0.50          1.46    (-3.03, 5.95)     0.52          -3.63    (-8.56; 1.30)     0.15
  **Follow-up after diagnosis**                2.24     (-3.48; 7.96)     0.44          6.23    (3.49; 9.96)      **0.001**     3.97     (-0.20; 8.13      0.06

10.1371/journal.pone.0148463.t003

###### Bootstrapped multivariate regression analysis for fatigue (FA), nausea and vomiting (NV), appetite loss (AP) and pain (PA).
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                                               FA      NV                AP            PA                                                                                                      
  -------------------------------------------- ------- ----------------- ------------- ------- ---------------- ------------- ------- ----------------- ------------- ------- ---------------- -------------
  Intercept                                    19.75   (5.80; 33.70)     0.006         7.48    (-1.83; 16.79)   0.12          18.59   (0.69; 36.50)     0.04          26.21   (10.17; 42.24)   0.001
  **Baseline**                                 0.65    (-0.46; -0.05)    **\<0.001**   0.47    (0.36; 0.58)     **\<0.001**   0.56    (0.49; 0.63)      **\<0.001**   0.63    (0.56; 0.60)     **\<0.001**
  **Age**                                      -0.25   (-046; -0.05)     **0.02**      -0.17   (-0.32; -0.02)   **0.03**      -0.25   (-0.50; 0.001)    **0.05**      -0.33   (-0.55; -0.10)   **0.004**
  **Women**                                    1.40    (-2.03; 4.83)     0.42          1.61    (-0.82; 4.04)    0.19          1.92    (-2.57; 6.42)     0.40          1.79    (-2.15; 5.74)    0.37
  **Cancer**                                   5.88    (0.43; 11.35)     **0.04**      3.35    (-0.43; 7.13)    0.08          10.06   (2.95; 17.17)     **0.006**     -0.89   (-7.71; 5.93)    0.80
  **Duration of symptom (weeks)**              0.04    (-0.06; 0.14)     0.46          0.001   (-0.06; 0.06)    0.99          0.11    (-0.02; 0.25)     0.10          -0.01   (-0.12; 0.11)    0.94
  **Previous cancer in patient**               -0.71   (-8.05; 6.62)     0.85          -0.59   (-4.91; 3.73)    0.78          5.52    (-4.21; 15.25)    0.27          -4.83   (-12.79; 3.12)   0.23
  **Co-morbidity**                                                                                                                                                                             
      0                                                1                                       1                                      1                                       1                
      1                                        4.11    (-0.24; 8.46)     0.06          3.27    (0.37; 6.16)     **0.03**      3.39    (-2.36; 9.14)     0.25          9.23    (3.91; 14.55)    **0.001**
      ≥2                                       8.97    (3.66; 14.28)     **0.001**     4.64    (1.38; 7.89)     **0.005**     4.53    (-2.33; 11.39)    0.20          8.34    (2.51; 14.18)    **0.005**
  **Marital status**                                                                                                                                                                           
      Married/Co-inhabitant                            1                                       1                                      1                                       1                
      Separated/divorced                       0.49    (-5.58; 6.57)     0.87          4.18    (-1.25; 9.61)    0.13          2.40    (-5.79; 10.60)    0.57          3.05    (-3.55; 9.65)    0.37
      Widow/widower                            0.77    (-5.98; 7.52)     0.82          -0.95   (-5.63; 3.74)    0.69          1.76    (-5.52; 9.03)     0.64          -2.19   (-9.59; 5.21)    0.56
      Unmarried/single                         -6.60   (-12.71; -0.49)   **0.03**      -1.35   (-5.28; 2.57)    0.50          -3.78   (-12.85; 5.29)    0.42          -4.81   (-12.27; 2.65)   0.21
  **Education**                                                                                                                                                                                
      Basic school/high school                         1                                       1                                      1                                       1                
      Vocational training (10--12 years)       -0.36   (-5.08; 4.36)     0.88          -1.68   (-4.87; 1.49)    0.30          -0.38   (-6.84; 6.09)     0.91          1.72    (-4.06; 7.49)    0.56
      Medium academic/trade (\<15 years)       -2.84   (-7.77; 2.09)     0.26          -0.84   (-3.94; 2.27)    0.60          -3.64   (-9.88; 2.60)     0.25          1.46    (-4.51; 7.42)    0.63
      Academic/university level (\>15 years)   -3.15   (-9.01; 2.69)     0.29          0.18    (-3.74; 4.10)    0.92          -4.22   (-11.85; 3.41)    0.28          -1.44   (-8.62; 5.75)    0.70
  **Occupation**                                                                                                                                                                               
      Employed                                         1                                       1                                      1                                       1                
      Unemployed                               9.91    (0.84; 18.98)     **0.03**      2.90    (-6.31; 12.11)   0.54          1.82    (-13.73; 17.37)   0.82          6.20    (-4.55; 16.94)   0.26
      Retired/disability/early retirement      1.56    (-3.60; 6.73)     0.55          3.78    (0.05; 7.51)     **0.05**      4.94    (-1.31; 11.19)    0.12          1.65    (-4.59; 7.88)    0.61
  **Follow-up after diagnosis**                -2.02   (-6.14; 2.11)     0.34          -1.38   (-4.52; 4.04)    0.19          -3.90   (-9.81; 2.02)     0.20          -4.54   (-9.74; 0.67)    0.09

Discussion {#sec017}
==========

Main findings {#sec018}
-------------

This study investigated HRQoL in patients undergoing diagnostic evaluation for possible cancer due to non-specific symptoms not associated with a specific cancer illness. Our results showed that the patients experienced an affected HRQoL while undergoing diagnostic evaluations for possible cancer. Role functioning, emotional functioning and global QoL was especially affected, but improved after completing diagnostic evaluations.

Studies investigating HRQoL around the time of a cancer diagnosis have found that functioning and symptoms deteriorated after diagnosis \[[@pone.0148463.ref014],[@pone.0148463.ref015],[@pone.0148463.ref018]\]. These studies only included patients with a known cancer diagnosis. Knowledge of a cancer diagnosis has been shown to have a negative impact especially on physical and role functioning \[[@pone.0148463.ref027]\]. In our study sample, 78% did not have cancer, and patients improved on almost all symptom scales. This is likely to have had an effect on their functioning and global QoL \[[@pone.0148463.ref026]\].

Although population reference data for the EORTC-QLQ-C30 have been published for several European countries \[[@pone.0148463.ref024],[@pone.0148463.ref028]--[@pone.0148463.ref033]\], differences between countries have been reported \[[@pone.0148463.ref024],[@pone.0148463.ref030],[@pone.0148463.ref034]\]. Hence, in this study, we used a recent study reporting population-based data from a large random sample from the Danish population with similar age and gender distributions \[[@pone.0148463.ref024]\]. Compared with this reference population, patients referred to the NSSC-CPP had worse functioning and a higher burden of symptoms both at baseline and follow-up. Patients also reported worse functioning and a higher burden of symptoms, especially fatigue and appetite loss, at baseline compared with a cancer reference population \[[@pone.0148463.ref026]\]. Although these differences diminished over time, the follow-up scores were similar to those of a cancer population, indicating that HRQoL is affected even after diagnosis. The cancer reference population consisted of more than 23,000 cancer patients with different cancer diagnoses and at different stages. The main source of data was from cancer clinical trials and epidemiological studies and was based on pre-treatment QoL data only \[[@pone.0148463.ref026]\]. Patients included in this reference dataset were probably early in their disease trajectory with uncertainty in relation to treatment and prognosis. Role functioning seems to be particularly affected in patients referred to the NSSC-CPP compared with the cancer reference population, and this could be associated with the high burden of symptoms and the uncertainty related to unknown diagnoses.

The incidence of the most common cancers found in our study was similar to those in the cancer reference population, except for lymphoma, which included only 2% of the cancer reference population vs. 14% in the study population \[[@pone.0148463.ref026]\]. Patients diagnosed with lymphoma may present with fever symptoms than other cancer patients \[[@pone.0148463.ref035]\], and this could have an impact on their experience of HRQoL. However, we found no difference in global QoL at either baseline or follow-up between patients diagnosed with lymphoma and patients diagnosed with other types of cancer illness (data are not shown).

A recent study found that patients referred to the NSSC-CPP consisted of a very heterogeneous group presenting with over 80 different symptoms\[[@pone.0148463.ref036]\]. Similar to other studies, we found weight loss, pain and abnormal blood tests to be the most common symptoms at referral \[[@pone.0148463.ref036]\]. Although more than 10% of the patients were referred to the NSSP-CPP due to abnormal blood tests, most of these patients were not asymptomatic, as 78% were also experiencing other symptoms such as weight loss, fatigue and pain (data are not shown).

Co-morbidity, being unemployed and receiving a cancer diagnosis had the greatest effect on HRQoL around the time of diagnosis. Having two or more co-morbidities was significantly associated with less functioning and less global QoL and a higher burden of symptoms, and this is similar to population-based findings \[[@pone.0148463.ref024],[@pone.0148463.ref037]\]. It is also well known that HRQoL may be affected by several other socio-demographic factors, such as unemployment, as seen in our study \[[@pone.0148463.ref024]\]. Receiving a cancer diagnosis was associated with less functioning and higher symptom scores. Similar results have been shown in patients diagnosed with lung cancer and breast cancer \[[@pone.0148463.ref003],[@pone.0148463.ref015]\]. The patients diagnosed with cancer were most likely to be early in their cancer treatment at the time of follow-up and therefore were still affected, not only by symptoms but also by the novelty and insecurity of the situation. Patients who completed the follow-up questionnaire prior to knowledge of diagnosis scored significantly higher on the emotional functioning scale. This highlights the impact of insecurity on HRQoL, and further research is needed to explore how patients can best be supported during this time. Interestingly, the baseline score and the duration of symptoms were the only other variables that were significantly associated with emotional functioning at follow-up. However, the impact was almost non-existent when looking at the scores. A clinical coordinator is associated with the NSSC-CPP to optimize logistics and to ensure that the patients were well informed throughout the diagnostic evaluations. Whether this had an impact on patients' emotional well-being needs to be determined.

Overall, the impact of the included variables was small. Furthermore, the multivariate models explained only between 33% and 52% of the variance. Other factors, such as anxiety and coping, may therefore have an important impact on HRQoL, and this should be examined in future studies. Further research is also needed to explore any long-term psychological implications of going through diagnostic evaluations for possible cancer.

Strengths and limitations of the study {#sec019}
--------------------------------------

A major strength of this study was the prospective, multicenter design with a cohort of consecutive patients. Patients were encouraged to complete the baseline questionnaire prior to knowledge of their diagnosis. However, as patients were experiencing symptoms and were informed about the suspicion of cancer at baseline, this may not render a true baseline measurement of HRQoL. We compared the EORTC-QLQ-C30 results with both a general reference population and a cancer reference population to provide support during the interpretation of the results. Diagnosis and co-morbidity data were collected via the National Patient Registry, which is considered to be precise and valid \[[@pone.0148463.ref019]\].

A main limitation might be the selection bias caused by a low response rate; only 39% of eligible patients participated. A low response rate does not necessarily indicate non-response bias \[[@pone.0148463.ref038],[@pone.0148463.ref039]\], as the differences between enrolled patients and non-participating patients were small. However, we do not know whether non-participating patients were experiencing more or less co-morbidity, social problems or anxiety than participating patients, and selection bias could therefore have been introduced.

We found no clinical difference in the EORTC-QLQ-C30 scores between baseline and follow-up, which could indicate that follow-up was collected too close to the diagnostic phase. Only four patients had a prior history of anxiety; thus, a prior history of anxiety was not included in the multivariate analysis due to the small numbers.

Patients´ experiences when undergoing diagnostic evaluation for cancer due to non-specific symptoms have not, to our knowledge, been described previously. The results from this study showed that HRQoL was affected during diagnostic evaluations. Patients presented initially with a high burden of symptoms, less role and emotional functioning, and a lower global health/QoL. Most domains improved after diagnosis. Morbidity, being unemployed and receiving a cancer diagnosis had the greatest effect on HRQoL around the time of diagnosis.
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